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* PUrPOSE

. Unclad 2020-T6 aluminum alloy is being considered for B-58
application where parts may be Subjected to elevated temperatures.
Considerable weight savings may be realized-in its use if the
alloy meets all the required properties.

The purpose of this test -was to evaluate the corrosion resistance
of unclad 2020 aluminum alloy when - protected by anodic coatings
(MIL-A-8625A) or by chemical film treatment (MIL-C-551')on ex-
posure to elevated temperatures of 300oF and 350°F for 100
hours each.

; .SUMMARY

Unclad 2020-T6 aluminum alloy received Type I and II anodic
coatings per MIL-A-$625A and Iridite 14-2 coatings per MIL-C-5541.
-Uncoated and coated panels from each process were subjected to the
following: (1) no heat exposure, (2) 100 hours at 300.F, and (3)
100 hours at 3500F. The panels were then exposed to 20% salt
spray, 120OF, .95% relative humidity, and 3 phase JP-4 salt
water immersion environments. Tensile tests were conducted on
coated and uncoated specimens which received the -various heat

*soaks and- salt spray exposure.

Te,3t results revealed that 100 hours exposire to 300OF had
little effect on the -tensile properties of coated and uncoated
2020-T6 aluminum, whereas a similar exposure at 3500F decreased
the yield and ultimate strengths by 13 to 22 percent6

Specimens representing all three.doating processes passed the
tensile requirements of MIL-A-8625A (Type I and II anodize and
MIL-C-5541 (Irldite 14-2) after salt spray exposure alone.
However, elevated temperature exposure decreased the salt spray
corrosion resistance of all specimens.

Type I, Type II and Iridite 14-2 coated 2020-T6 aluminum
exhibited .o visible signs of corrodion after 360 hours exposure
to 1200F, 95% relative humidity or 48 hours exposure to 3 phase
JP-4 salt water immersion,

iUTILITY REIPOAT $MEET Do "Oepuf nt 6
FWP 1O 2-8-54
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OBJECT:

To investigate'the corrosion resistant properties of Type I
-and Type II anodize and Iridite 14-2 coat~ings on bare 2020-T6-
aluminum alloy after 100 hours'exposure to elevated tempera--,
tures of 30C, and 3500F by determining'.the following-.'

SalIt Spray-
b Humidity

c) JP-4 3 phase immersion -

II. Tensile eropertie~s

TEST SPECIMNS, MATERIALS, AND EQUIPMENT:

I.Specimens,

Item Qt.Size Source

Bare 2020-T6 13-. 0. lOO~xlOrxl2I Aluminum Co. of
Aluminum Alloy America,

Alcoa, Tenn.

II'. Materials

* Item Source

*Type I (chromic acid) Prepared per MIL-A-8625A
Anodize Solution in Engr. Chem. Lab.

* Type II (sulfuric acid)
Anodize Solution

Inidite 14-2 Solution Prepared per MIL-C-5541
in.Eng. Chem. Lab.'

III. Equipment

*Item Source

* Salt Spray Cabine-t Ind. Filter and Pump Mfg. Co.
Chicago, Ill.

Humidi-ty Cabinet .American Instrument Co.
.S Silver Springs, Md.

~I~tI' RYCR~ -'V ~ - - . *DePortmsm~ 6
a- * FWP 1072-...S-5
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III. Equipment (Continued)

Item,- 7 " A Source ,

Tensile.Machine A.H. Emery Co..,
Stamford,* Conn.

Blue "M" Electric .Oven . I ue "M" Electric Co.
HT - 350OF Blue Island, Ill, ,

PROCEDURE: . "

The test was conducted in four parts. Three 0.100" x l0" x.12"
test panels of bare 2020-T6 aluminum alloy were' coated by each
of the three processes; Type I anodize,,Type II anodize and
Iridite 14-2. Four test panels of bare 2020-T6 were left
uncoated and used for control specimens. The test panels were
cut from the same sheet of material to prevent large variatioris
in chemical and physical properties between samples; - Type I
and Type II anodize were applied per MIL-A-8625A. Coating
weight was determined and found to be well over the minimum
weight required Xn'both cases. The Iridite. 14-2 coating was
applied per MIL-C-5541. Panels of each of the three coating
processes and uncoated controls were subjected to: (1) no

" heat, (2) 300°F for 100 hours, and (3). 350°F for 100 hours.
The specimens were then sheared to desired sizes for testing.

The following tests were performed:

(=) Salt Spray: One 5" x 6" panel from each coating process
an,, neat soak was subjected to salt spray per FTMS 151,
Method 811. Type I and Type II anodized panels.-were

. .. 'suoported at a 60 inclination from the vertical for a
total of 240 hours. Panels coated with Iridite 14-2

. were supported at a 60 inclination for a total of,168
h ours. All panels w..erc examined every 24 hours until pit-
ting developed and then the expo,ure was continued until
totai 'time had elapsed,. Uncoated 5" x 6" panels were
tested as controls.

(2) humidity: One 5" x 6" panel from each coating process-
ad, eat soak was subjected to 1200F, 95% relative
hum,idity for 360 hours peiv Procedure 3 of MIL-E-5272A.

:. 7 The panels were examined every 46 hours until pitting
developed and then the exposure was continued until
total time had elapsed. Uncoated 5" x 6" panels were
tested as controls.

S,.FWP 1072-8-54
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-w_ . () Three Phase Immersion: One 5" x 6" panelI from each
. .oating process and heat soak was subjected to 48 hours

three phaie immersion (JP-4, JP-4 vapor, 3% NaCi
solution at 1400F). The panels were then- examined for
pitting. Uncoated 5" x 6" panels were tested as controls.

(4) Tons2'e: Five coupons of each coating process and heat
ESE o-we prepared, for tensile tests per :FTJ 4751-38?
The ten:3ile tests were conducted per FTMS 151, Method 211, "

on uncoated controls and coated specimens after exposures
.of, zero, 168 hours, and 240 hours in-salt spray.:

RESULTS

'Fne results of the various parts of the test are given in
* tabulated form as follows:

(1) Table I lists the number of pits/in2 for each coating
process and heat soak after various salt spray exposures.

" (2) Table II(A) gives the number of pits/in2 for each coating
process and heat soak after 360.hours in. the 1209F,
95% relative humidity cabinet.

(3) Table II(B) shows the effects of three phase immersion

on each coating process and heat soak.

(4) Table III gives the results of tensile tests.

(5) Table IV shows the operating conditions of the salt
spray chamber. during specimen exposure.

DISCUSS ION

Type I and Type II anodize coatings were applied per MIL-A-8625A.
I. dite 14-2 chemical film was applied per MIL-C-5541. All
three coatings were applied to bare 2020-T6 aluminum alloy.

Table I shows that 2020-T6 aluminum alloy, when coated by
the two processes Type II anodize and Iridite 14-2, exhibit,
excellent corrosion resistant properties in salt spray environ-
ment when not subjected to elevated temperatures. However, the
.same type specimens when subjected to elevated temperatures
show corrosion present after three to nine days salt spray
expo3ure. The 2020-T6 aluminum alloy when coated with Type I
arodize snowed corrosion on panels both with and withouL heat
soaks from three to seven days in the salt spray chamber.

Table II(A) shows that only the 2020-T6 aluminum control
" " panels (with no protective coating) exhibited corrosion

after 360 hours exposure in the humidity chamber. All coated
panels passed the required humidity exposure time with no signs
of corrosion. ,

*See Supplemental Sheet S-1.

UTf 'R PORT SHEET Depwimeno
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Results of JP,4 three-phase immersion tast given in Table I1(B)
ndiateno corrosion problem exists on coated panels or
uncotedcontolsafter 48 hour exposure.

The results listed in Table III show that the tensile properties
Sof 2020-T6 aluminum alloy are slightly decreased by 300OF

heat exposure whereas 3500F heat exposures decrease the
yield strength by 16 to 22% in all cases (coated and uncoated)
and the ultimate strength by 13 to 16%. Salt spray exposures
alone'seemed to have very little, if any, effect on the ensile
properties of 2020-T6 aluminum.'alloy.-

CONCLUS~IONS:

'The oorrosiofl resista-at properties of Type I and Type II
anodize and Iridite 14-2 coatings on bare 20 20-T6 aluminum
alloy when~ exposed to elevated temiperatures were investigated.
The results of these investigations lead..to, the following
conclusions:

I. Temperature Resistance

A. One hundred 1hburs exposure to 300OF has little
* effect on the tensile properties of coated and

uncoated 2020-T6 aluminum alloy.
B'Oehnrdhusepsuet 5O erae h

yIeld and ultlate strengths of coated and uncoated

a4020-TG ~alumiiium by 13 to 22 percent.

11. Corrosion Riesistance

A. Salt Spray: Type I anodized 2020-T6 aluminum
exhibits 5 pits per square inch of exposed surface
after 240 '.ours salt spray exposure. Type II
anodized and Iridite 14-? coated 2020-T6 aluminum
exhibit no visible corrosion after 240 and 168 hours
salt zpray exposure respectiveay. All coated
specimens pass the tensile requirements of MIL-A-8625A
(Type I and II anodize) and MIL-C-5541 (Inidite 14-2)
after salt spray exposure.

Elevated temperature exposures dec.-ease the za.L
sp.ray corrosion resistance of coated and uncoated
2020-T6 alumiinum. The tensile properties of coated
s yeclinens exposed to temnerature and salt spray
are approxirna, ely tle samne as those for uncoated
specimens.-

B. _,-imidity and 3 Prna ss nmersion: Typ1,Te I
* and Inldite 14-L .,te 2020-T6 aluminum show no

*visible signs of corrosion after 360 hours exposure
to 12O-F, 95% relat.Ive humidity or 48 hours exposure to

phase JP-4 sal.~ w-'er immersion.

Wilb *!oKT SMi *Dpwv.et
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' j! .. . S .. ....

1ater'a'l 100 Ir. Salt Specimen Ynmber--of- dasfber of pits/212

-. . Heat spraI mber posed at first siVi after total ox-
ratmmt Exposure Exposure '"of oorrosion,.- posure period.

None 1-5 ________ __-

- " Pits too numerous

*" . .Pits too 7..° -... +an
Zp2140 Ur. 21-25 2 days ..

IHone 26-3o __________

.~ 0ts too 'nuorous

'~ "' b,0Heat 717 2 l~ n m.

3W F.. "16, ar 2 , oy,

. ;,.. , ;, .,,.,. ,r t On n-: usq o . 76

None 91.9 3 jTsne 96-1nu er u
--F it tooumoou

' .::,' 5 0 F . .... 2 ...... _
________2b ___ ___ 70 r '1-75 - dvE--,oo [ " 2113 *t- 9 .95.

..Ho Ho: ... t _____ ____11__-1__0
14 - -

,-L :I...... 11i...n iilovt ~~ivro~r,," !139 11 pits/L2

:'"." " -300" 4 pits over ontire

30 F Nw 176-130 17p- _0_6

21.0 Fr, 1911 9 o -,a y

. ITO Keat 0 no 196-?00

y $4 " XP Oure i63 r. 211-215 i 'it o £int( o njro
S o!n 1 216-220

C, ..' Pits too nu Iorcuz
16 ,.-- , l -23. 3 to count,

.4 -gTor4

I. 3.50 F_ 163 Yr. 25i-25 *no sible pits "To ,

O',iy OTs4 * This c'roup o. siec-rncns was rerun and the results woro roproducia9^,,..,
. 1. .I. FWP 1072-S-54
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XEStUTS CF MLIDITY ANDl J?.4 THRE PHSE nORSI0N TESTS

~(i) 3O Ir. llmiidi Test '(12 .. 5".________

1 ) ~Nimzber of e~ x- Num~ber of pits/i. 2

an .Ep oe SNucmbe posed a~t first sign af ter total -ex-
* E~posuo ll~er of oorrosion. .posxwe period.

jreX O20 6 sixinL4

gmterial with~ no 30Q - 1 6 &Yaj - to count,

*0 - *61-65ldv __ _ _ _ _

Bi~r X-2M-T 110 tits over enti0
.,Atrial with Type I .. 9 .. ont ii e __________

-'Andize. Applied per 300 1 0?1 .1-I

* 350 F 126-130 ___ _______

Bare X..020-T6 17e ).Iet V& 1 _______0_,*,-.~Iwih~ -yo 1186-170 
I

'. An~odize. Applied por 300-7 __________

uil-A-e86?5A. 0
-. e X-2020-T6 __ _ _ _ _ _ _ _ _ _ _ _ _

1terial. with Iridite , .*

~~ il..C..55)34.)0. -22... 6-2503o______ ________

iie-1. Thr-n pber

.* -Tremtment n. . Ixpo urea

Bare~~~l X's0-611its over entire surface.

treatmaent.c00F 5-O

naoXO X,2020-T6"oHa
L aterial -nith 'yro II 2.~5~/.2
A -,odize. Appiod. per

__________8625A. __ r 21-125

1!a4 ~trial with TyIn--
azeC-5~. A ~ J 2165 I

' "' ~t~R S1~T D~.,t-,n,)
3~FW 50O72.-..s..gC
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TABTZ

77

laJoul 00eBr, Slt-A J.1z TensilehPropertie-

1bxpooure Expsur PSI-2 PS I020 Elo.4

_p24 Hr. 21-25- 76.640!j 6,2

R 000? F 16 gr 1'573,020 77 W 6.5S2140 13r. 46-50 7 7,880 7.4
fr, ,. - .~L..5022 66,950 71

30Y 10A III-, _M 56.0'& 66,560 $

No at X A 76-80 74.66______70

Nm..* 96io 722.t 7.6

-04 C? 3000 F 2 710000 77,500 7.7

112o 160- c3942 67.a00 8.2?

2W____ 2IlkH 131-135 c;.o 6.o .

No Heat .Zo.. 36-11, 7 .77

E~o 2140 Hr. 15..-15 .o 80.000 7.8 -

0 None. i56-160 j
10 300SF__ ij.r. j 73)229

3500 F? -in i~~
I____ 24o___ i~r 191-195 6172 63 6o 4.

*1-NO Heat None 1i62oo .74it 20 79.560 j

c-4 A~ 0 Expoosure 168 Hr. 211,215 75,260 79,750 7.6
8 t 216-220o aa~-- zi.

,5 3000
11 r. 231-235 73. 70.0-

I PI0AtNone 23. U.-A
1 168~ l6i - 251-255 '61A000 69,2830 --

'I" wIolt SHEET *Peroaut elon~atOi= in 2 inohae. DqPwtrimnt6
FWP 1072-2-54
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